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Davis,  Watts  and  Cjcliring  * ' * exainiiicil  the  pitting  behavior  of  5456-111  1 7 and  1 100  alumi- 
mini  alloys  over  a sea  water  vel(vcity  range  of  zero  to  60  knots  (zero  to  1 m s).  1 hey  observed  that 
the  critical  pitting  potential,  protection  potential  and  corrosion  potential,  shifted  in  the  active 
direction  as  the  sea  water  velocity  was  increased  I hese  potentials  undergo  a discontinuous  noble  shift 
in  the  velocity  range  ol  1 5 to  .0)  knots  ( 7.7  to  | 5 4 m s)  depending  on  specimen  geometry.  This 
discontinuous  shilt  was  exidamed  on  the  basis  ol  either  a transition  from  laminar  to  turbulent  How 
or  the  onset  of  cavitation  I hese  authors  observer)  pitting  corrosion  with  constant  applied  potential 
at  all  veloi  ities  and  at  potentials  more  active  than  the  critical  pitting  potential  I he  extent  of 
pitting  decreased  as  the  velocity  increased  and  as  the  applied  potential  became  more  active. 

I’ryor  *'•*  and  Galvele  had  previously  proposed  that  valid  critical  pitting  potentials  can  be 
determined  on  aluminum  alloys  exposed  to  deaerated  sodium  chloride  solutions,  but  that  pitting 
potentials  determined  in  oxygen  conlaiiiing  chloride  environments  do  not  correspond  with  potentials 
re(|uired  to  initiate  pitting  Wnod  et  al  have  proposed  that  the  morphology  and  mechanisms  of 
pitting  are  different  tor  pits  initiated  at  potentials  more  noble  than  the  critical  pitting  potential 
when  compared  to  pits  formed  at  potentials  more  active  than  the  critical  pitting  potential.  Macropits 
and  mieropits  are  observed  at  the  more  noble  potentials  while  only  mieropits  are  observed  at  the 
more  active  potentials. 
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Ihirtl  * tjbHTVcil  .1  siiMiiy  stale  aiul  a non-steaily  state  pitting  potetilial  lor  alumiiuini  alloys 
exposed  to  c|iiieseent  sea  water  with  the  steady  stale  value  of  40  mV  more  aetive  than  the  non-steady 
stale  value.  I lie  non-steady  state  values  were  determined  potentiodynamieally  while  the  steaily  state 
values  were  rletermined  using  long  term  exprisure  tests,  (iroover.  Lennox  and  1‘eterson,  Alior, 
and  l ink  aiul  Boyd  have  reiniiied  that  aluminum  alloys  will  pit  in  sea  water  if  their  eorrosion 
potentials  are  more  noble  than  -0  ‘I  I lor  alloys  having  pitting  potentials  ol  about  -0.7 
llartt  attributed  pitting  m the  potential  range  oT -().'!'  to  -0  0 to  the  presence  ol  ferric  and 

cufnic  ions  in  the  .sea  water  that  cause  local  film  breakdown  in  the  potential  region  between  the 
critical  pitting  potential  and  -0.‘>  |, 

I ran/  and  Novak  have  determined  critical  pitting  potentials  for  90. percent  pure  aluminum 
exposed  to  0 1 N sodium  chloriile  using  a rotating  disk  electrode.  I hey  observed  a noble  shift  in 
critical  pitting  potential  b>  2.''  to  30  mV  as  the  rotational  velocity  was  increased  to  2000  rpm  (about 
5 knots  or  2 I m/s)  I he  noble  shilt  m critical  pitting  potential  was  explained  on  the  basis  that  in- 
creasing velocity  decreases  the  boundary  layer  thickness  aiul  the  local  hydrogen  ion  concentration  is 
reduced  More  noble  potentials  are  re(|uired  to  initiate  pitting  with  the  reiluced  hydrogen  ion  con- 
centration 

Ifanek  * examineil  the  inlluence  ot  sea  water  velocity  on  pitting  of  aluminum  alloys  over  a 
velocity  range  of  zero  to  knots  (zero  to  3(i.O  m s)  using  a water  let  test  facility.  Danek  reported 
that  pitting  did  not  occur  above  a critical  velocity  of  30  knots  (15  4m  s)  under  freely  corroding  con- 
ditions based  on  visual  observations  Danek  proposed  that  the  limiting  I'xygen  diffusion  current 
density  iiii leased  as  the  velocity  increased  and  that  the  increased  oxygen  supply  inhibited  the  pitting 
reaction 

Seveial  recent  studies  ol  tlie  innueiice  of  vehuity  on  the  corrosion  behavior  ol  niarine  materials 
have  included  considerations  id  hy  drodynamics  and  mass  transfer  on  corrosion  behavior.  * ' ' ' ' 

1 hese  studies  have  shown  that  limiting  oxygen  dilliision  currents  should  be  proportional  to  velocity  to 
the  one-hall  (lower  with  laminar  How  and  velocity  to  the  one-filth  power  under  turbulent  How  conditions. 

I he  purpose  ol  this  investigation  was  to  measure  limiting  oxygen  dillusion  current  densities 
as  a lunction  ol  velocity,  to  study  cathodic  kinetics  tin  545(>-lll  I"  aluminum  alloy  as  a function  of 
velocity  and  to  conduct  constant  potential  tests  at  more  active  potentials  than  -0.9  V»^(  j..  I he  limit- 

f- 

mg  oxygen  diflusion  current  density  was  measured  using  a platinum  clad  tantalum  electrode  exposed  ’ 
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to  sc;i  water  velocities  ol  zero  to  60  knots  (zero  to  3 I m/s)  Cathodic  kinetics  were  examined  hy  re- 
cording catliodic  polarization  curves  on  5450-11 1 I 7 aluminum  alloy  over  the  same  velocity  range. 
Constant  potential  tests  were  condi.cted  at  selected  velocities  at  potentials  more  active  than  -0.4  | 

to  determine  it  pitting  could  he  suppressed  at  the  more  active  potentials.  Mnally,  a model  was 
proposed  to  explain  the  observations  Ironi  this  and  jirevious  studies. 

\ 

I XI’I  KIMI  NTAL 

Materials 

Hie  materials  tor  this  study  weic  545<)  III  17  aluminum  alloy  and  platinum  clad  tantalum. 

I he  5450-111  P aluminum  alloy  topically  has  a composition  range  ok  4.7  to  5.5  percent  magnesium. 

0 5 to  1.0  percent  manganese  and  005  to  0.70  percent  chromium.  I he  11-1  17  temper  was  developed 
to  minimize  the  occurrence  ol  exfoliation  during  exposure  to  sea  water.  The  platinum  clad  tantalum 
consists  ol  a thin  sheet  ol  platinum  roll  bonded  to  tantalum.  I he  platinum  provides  the  current 
etficiency  and  the  tantalum  provides  strength  and  a high  breakdown  potential  in  sea  water. 

Test  Hectrvily  te 

I resh.  unpolluted  sea  water  was  used  lor  all  experiments  Hie  sea  water  is  drawn  troiii  the 
inlet  bay  m Ocean  ( it>.  New  Jersey.  I'iltered  through  sand  and  iliatomaceous  earth  to  remove  silt  and 
sand,  and  controlled  to  a temperature  ol  ''5  ' 5°l  (23.4  + 2 S^C)  lo  minimize  the  iiinueiice  of 
seasonal  temperature  variations  on  the  results  1 he  sea  water  typically  contained  7 ppm  oxygen,  the 
pll  remained  .it  H 2 and  the  salinity  ranged  Ironi  24  to  3(i  ppt. 

I esi  facility 

lests  in  quiesscnt  sea  water  were  conducted  m a 55-gallon  non-nietalhc  container,  flie  sea 
water  was  (.omplctely  replenished  once  an  hour  fm  the  duration  ol  the  tests. 

I he  lest  laciiity  lor  obtaining  velocities  from  5 to  40  knots  is  a high  speed  water  wheel 
shown  scheniatKally  m 1 igine  1.  Velocities  are  developed  by  rotation  of  an  open  cylindrical 
contamei  m a horizontal  plane  about  a vertical  shaft  1 he  radius  of  the  wheel  is  3 1 inches  and 
the  available  test  area  is  a toroid  ol  water  six  inches  deep  and  IH  inches  high.  Specimens  are 
positioiieil  three  inches  Ironi  the  outer  wall,  where  a velocity  of  40  knots  is  generated  at  650  rpm. 
f.lectrochemical  Inst  rumen  tat  ion 

l imiting  oxygen  diffusion  current  densities  and  cathoilic  polarization  curves  were  es- 
tablished potentiodynamically  with  potentials  recorded  on  the  silver/silver  chloride  scale  using  a 


Rotat 


Iiipli  input  iinpedaiKO  ok-ctromctcr  aiul  aments  were  reeoriled  usiiii:  a series  ot  precision  resistors 
in  tlie  eounter  electrode  circuit.  1 he  precision  resisttrrs  were  selected  to  jiive  current  ranges  ol 
0-1  p A to  0-1  A.  ( onstant  potential  tests  were  conducted  potentiostatically . 

Specimen  Design 

1 imiting  oxygen  dilTusion  current  densities  were  determined  using  a platinum  clad 
tantalum  specimen,  a plexiglass  specimen  holder,  and  a nylon  coated  steel  strut  as  shown  schematic- 
ally in  F igure  2 l-.lectrical  contact  to  the  specimen  was  achieved  using  the  steel  supporting  strut 
as  an  electrical  lead 

I he  5456-111  17  aluminum  alloy  specimens  included  constant  length  parallel  plate  siKcimens 
measuring  1 in.  x 2 in.  x I 4 in.  (2.5  cm  x 5.1  cm  x 0.()4  cm),  specimens  with  the  lengtli  varied 
to  give  a constant  Reynolds  numher  of  2 x 10^  representative  ol'  laminar  flow  and  specimens 
with  the  length  varied  to  give  a constant  Keynolil's  Number  of  10^’  representative  of  a transition 
from  laminar  to  turbulent  How.  1 he  reiiuireil  lengths  are  shown  in  Table  I. 


I ABi.i;  1 

1 1 NtiTiis  Ri  quiri;d  to  maintain  constant  R1;YN0I.I)'S 
NUMBI  RS  AS  A I'UNCTION  OF'  VIJLOCITY 


Lengtn  (Inches) 


Velocity  (Knots) 

Laminar  Flow^^  ^ 

Transition  Flow' 

5 

3.01 

15.05 

10 

1.50 

7.52 

15 

1.00 

5.02 

20 

0.756 

3.78 

25 

0 602 

3.01 

30 

0 502 

2.51 

40 

0.376 

1.68 

60 

0.252 

1.26 

(1)  Reynold's  Number  2 x lO'' 

(2)  Reynold’s  Number  ■ 10^ 


1 he  specimen  lengths  shown  m I able  I were  calculated  from  the  expression  for  Reynold’s 
Number  lor  a parallel  plate 


VT 


where  R^  is  the  Reynold’s  Numhei  V is  the  free  stream  velocity.  I,  is  the  S|iecimen  length  and  u 
IS  the  kinematic  viscosity.  I.()5‘)  x It)’*'  It  sec  foi  sea  water  at  7()°l-.  Since  the  kinematic  viscosity 
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Test 

Specimen 


f-'igure  2.  ScTu’inylic  Kfpresontalion  of  SpociiiR'n  Holder  and  Specimen 
Ibr  Determination  ol  Umitinj;  Oxygen  DilTusion  Current  Density 
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remains  constant,  the  ReynoUI’s  number  can  be  held  constant  by  maintaining  tlie  product  of 
velocity  and  length  constant. 

Specimens  tor  ciuiescent  sea  water  exposure  had  dimensions  of  1 x 2 x 1/2  inches.  These 
specimens  were  secured  using  a Stern-Makrides  electrode  holder  for  support  and  as  an  electrical 
contact. 

RFSULTS  AND  DISCUSSION 
Cathodic  Polarization  - 5456-111  17  Aluminum  Alloy 

Cathodic  polarization  curves  were  established  for  5456-111  17  aluminum  alloy  using  con- 
stant length  (2  inch),  laminar  How  and  transition  to  turbulent  How  parallel  plate  specimens.  The 
effect  of  sea  water  velocity  on  the  cathodic  polarization  behavior  of  constant  length  specimens  is 
.shown  in  Figure  3 At  zero  velocity,  three  regions  were  observed  on  the  cathodic  polarization 
curve:  apparently  a region  where  oxygen  reduction  is  the  primary  cathodic  process  (-0.92  to 
-1.08  a region  where  hydrogen  reduction  is  the  primary  cathodic  process  (-1.08  to 

-1.2  and  a region  of  breakdown  of  water  (more  active  than  -1.2  ^Ag/Agcl*  * 

primary  cathodic  process  for  velocities  above  zero  velocity  was  the  reduction  of  hydrogen  in  the 
potential  range  examined. 

Cathodic  polarization  curves  for  laminar  How  (R^^  = 2 x 10^)  specimens  are  shown  in 
f'igure  4.  fhe  primary  cathodic  process  for  laminar  How  specimens  was  the  reduction  of  hvdrogen 
up  to  a potential  ol  -1 .4  V/\g//\g(  p Breakdown  of  water  was  observed  at  lOavid  20  knots  at 
potentials  more  active  than  -1.4  ^'y\g/y\gC'l  t’tO  break  down  of  water  was  iu)t  observed  at  40  and 
oO  knots 

( athodic  polarization  curves  for  transition  to  turbulent  How  are  shown  in  Figure  5.  1 he 
dominant  cathodic  process  was  the  reduction  of  hydrogen  for  all  of  the  velocity  ranges.  Apparently, 
turbulent  How  suppresses  the  breakdown  of  water  or  enhances  hydrogen  reduction. 

f igure  6 shows  the  influence  of  velocity  on  the  corrosion  potential  for  constant  length, 
laminar  How  and  transition  to  turbulent  flow  specimens.  Fhe  corrosion  potential  shifted  in  the 
active  direction  for  all  How  conditions  to  a velocity  of  10  knots,  a discontinuous  shift  was  observed 
in  the  range  of  15  to  20  knots  to  more  noble  potentials,  and  an  additional  active  shift  was  observed 
as  the  velocity  was  further  increased,  l liis  type  of  behavior  has  previously  been  reported  by  Davis, 
Watts,  and  (/chring  * * ^ based  on  anodic  polarization  measurements.  1 he  constant  length  specimens 
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Current  Density  (Amps/cm ") 

Figure  3.  Effect  of  Sea  Water  Velocity  on  Cathodic  Polarization 
Behavior  of  Constant  Length  Specimens 


Current  Density  (amps/cm') 

Figure  4.  F4tect  ol  Sea  Water  Velocity  on  Catliodic  Polarization  Behavior  lor  Laminar  Flow 
(R^  =2x10®)  on  5456-111 17  Aluminum  Alloy 


Current  Density  (amps/cm") 

LlTect  of  Sea  Water  Veloeity  on  Catliodie  Polari/.ation  Beha' 
Transition  Flow  (R^  = 10'’)on  5456-111  17  Aluminum  Alloy 


Corrosion  Potential  lV^y//^gCI 


showcil  the  most  active  putciKral  at  all  u-loctlics  wliilc  Hie  lamiiiai  ‘low  ami  liaiisition  to  tiirinilent 
How  specimens  hail  essentialK  the  same  coiiosioii  potentials  as  a liinction  ot  velocity 

1 he  corrosion  ciineiit  ilensities  tor  the  three  How  comlitioiis  are  shown  in  l ieiire  as  a 
liiiK  tion  ol  velocity  1 he  corrosion  current  densities  were  determined  In  eMiapolatiiif!  the  linear 
portion  ol  the  cathodic  polari/ation  diagram  to  the  initial  corrosion  potential.  I he  corrosion  rate 
lor  constant  length  specimens  increased  by  over  three  orders  ol  magniliide  hetween  zero  and  .10 
knots,  hut  showeil  a decrease  in  corrosion  rate  of  two  onlers  ol  magnitude  between  .10  and  45  knots. 

( orrosion  rate  increased  again  Irom  45  to  (>0  knots.  .Similar  type  ol  hehavior  was  previously  reported 
by  Davis  and  (iehring  * I he  initial  increase  m corrosion  rate  was  explained  by  an  increase  in  the 
supply  of  oxy  gen  to  the  metal  surtace  until  suri'icient  oxygen  was  present  to  passivate  the  aluminum 
alloy,  rile  corrosion  rate  dropped  sharply  alter  passivation  but  increased  at  higher  velocities  jHissihly 
due  to  mechanical  damage  to  and  chemical  instability  ol  the  protective  I'ilin. 

I he  laminar  How  and  transition  to  turbulent  How  specimens  showed  an  increase  in  corrosion 
rate  up  to  about  20  knots  with  little  change  in  corrosion  rate  above  20  knots.  Apparently  , him 

instability  is  not  as  variable  above  20  knots.  Mie  Keynold’s  Numbers  for  the  constant  length  specimen 
are  shown  in  fable  II  lor  comparison  to  Keynold’s  Number  for  variable  length  specimens. 

lAHI  1 II 

Kl  N NOI.D'S  Nl'MIll  KS  AS  A I I'NCTION  OF  SFA  WATFK  VFil.Ot  ITV 
FOR  A I \V()-IN(  II  1.1  NOTH  SPF(  IMFN 


Reynold's  Number 

Velocity  (Knots) 

(x  

0 

5 

133  ) 

10 

2 66  1 

15 

_ QQ  ' Laminar  Flow 

20 

532  1 

25 

6.65  / 

30 

7.97  \ 

35 

9.30  ) 

40 

10.63  1 Transition  to 

45 

11.96  / Turbulent  Flow 

50 

13.29  1 

55 

14.62  1 

60 

15.95  ' 

I xammation  ol  Ihe  Keynold’s  Numbers  in  fable  II  shows  that  the  large  decrease  in  corrosion 
rate  for  the  constant  length  specimen  corresponds  with  the  transition  from  laminar  to  turbulent  flow 
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Corrosion  Current  Density  (amps/cm^) 


V 


I 


at  30  knots.  I'lie  increase  in  cH>rrosion  rate  at  (>0  knots  may  be  explained  by  the  higlier  Reynolds 
Number  ( I x K)'’ ) at  (>0  knots  compared  to  the  laminar  How  and  transition  to  turbulent  How 
specimens. 

Determination  ol  1 uniting  ( )x\ gen  Dillusion  ( urrent  Density 

The  corrosion  rate  and  corrosion  potential  ol  aluminum  exposed  to  low  velocity  sea  water  are 
proposed  to  be  controlled  by  Ihe  magnitude  ol  ihe  limiting  oxygen  dillusion  current  density.  The 
limiting  oxygen  dillusion  current  ilensity  is  given  by  the  expression: 

DnI-C'ij 


Where  ij  is  the  limiting  oxygen  dillusion  current  density,  I)  is  the  dilTusion  coefficient  for  oxygen, 
n is  the  number  of  electrons  transferred.  T is  Taraday’s  constant,  C'y  is  the  bulk  solution  concentration 
of  oxygen  and  is  the  mass  transport  boundary  layer  thickness.  Three  hydrodynamic  parameters 
are  important  in  establishing  the  mass  transfer  effects  on  corrosion  as  a function  of  sea  water  velocity. 

I he  Reynold’s  Number  describes  the  hydrodynamic  boundary  layer  thickness  as  a function  of  velocity. 
The  Reynold’s  Number  for  a parallel  plate  is  given  by  the  expression: 


where  is  the  liee  stream  velocity.  L is  the  length  aiul  i'  is  the  kinematic  viscosity.  The  hydrody- 
namic boundary  layer  thickness  is  given  by  the  expression: 

6|,  . U.IU  R,I<'  5 

for  laminar  How  conditions  and. 

0.38 


^1  = L 


R 


0, 


for  turbulent  How  conditions.  I he  mass  transfer  boundary  layer  thickness  is  related  to  the  hydro- 
dynamic  boundary  layer  thickness  by  the  expression: 


6,n  = 


>h 


Sc’' 


/3 


where  Sc  is  the  Schmidt  Number  given  by  the  expression: 

V 


Sc  =• 


I) 
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riu‘  limitmj:  oxygen  dilTnsion  enrrent  ilensily  e.m  he  expressed  in  terms  of  the  Reynold’s  and  Schmidt 
Numbers  acconling  to  the  expressions 
I)nl  ( ijSc'''-^ 

ii  = 7 lor  laminar  llov\ 

L Ly3(J;K^ 


and 


'L  -- 


Dnl  t ijSc' ' 
LtU.dH'R^^’-) 


lor  turbulent  flow 


Substituting  the  appropriate  variables  for  the  Reynold’s  and  Schmidt  Numbers  gives  the  velocity 
dependence  of  the  limiting  oxygen  diffusion  current  density: 


5.4X  i,(^-5^o.r 


for  laminar  How  and 


VO  - 


ii  - 


0.38  1 


T51T 


for  turbulent  How  conditions. 

11  all  the  variables  are  maintained  constant  except  for  the  velocity,  the  limiting  oxygen  dif- 
lusion  current  density  is  proportional  to  velocitv  as  follows: 

ij^  oc  V'^  ^ loi  laminai How 

ij^  aV  loi  turbulent  How 

l yi'ical  cathodic  polau/ation  curves  on  constant  length  platinum  clad  tantalum  sviecimens  are 
shown  111  1 igure  8.  Hie  limilmg  oxvgen  diflusion  current  density  increased  by  over  two  orders  of 
magnitude  when  the  velocity  was  increased  from  zero  to  ten  knots,  l urther  Increases  m velocity 
have  little  innueiice  on  the  limiting  oxygen  ililTusion  current  density. 

Hie  limiting  oxygen  diltusion  current  as  a lunction  ol  sea  water  velocity  is  shown  in  Figure 
9.  A logarithmic  rel.itionship  was  not  observed  between  limiting  oxygen  diflusion  current  density 
and  velocity  as  predicted  Hie  limiting  oxygen  dillusion  current  density  was  essentially  independent 
of  velocity  above  1 5 knots.  A complete  explanation  for  the  independence  of  limiting  oxygen  diflusion 
current  density  with  increasing  velocity  will  require  additional  work. 
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Surtao-  C haracteristics  of  Constant  Potential  l est  Specimens 


Sinlaces  ol  a lew  specimens  were  exammeil  that  were  exposed  to  sea  water  at  15.  50  and 
60  knots  with  an  applied  potential  ot  -1 .0  lor  24  hours.  Optical  micrographs  and  scanning 

electron  micrographs  are  show  n in  l-'igure  1 0 for  1 5 knots.  Figure  1 1 lor  30  knots  and  Figure  1 2 for 
(lO  knots.  At  15  knots,  pits  are  observed  with  the  optical  micrograph  (Figure  10a)  as  dark  spots  on 
a light  surface.  A scanning  electron  micrograph  (Figure  lOb)  shows  a non-unirorm  scale  with  many 
apparent  fractures  At  30  knots,  less  cracking  and  spalling  of  the  film  was  observed  (Figure  I la).  i 

examination  of  the  latter  surface  with  the  scanning  electron  microscope  (Figure  1 lb)  shows  that 
the  surface  oxide  is  much  more  uniform  than  was  observed  at  15  knots.  Furthermore,  there  were 
fewer  cracks  in  the  film  at  30  knots  than  observcil  at  15  knots. 

The  surface  at  60  knots  looked  very  similar  optically  to  the  surface  at  15  knots  (Figure  12a). 

However,  a scanning  electron  micrograph  shows  much  more  cracking  and  spalling  at  60  knots  than 
at  15  knots.  Hence,  based  on  these  limited  results  the  oxide  film  appears  to  become  more  uniform 
as  the  velocity  increases  with  some  cracking  at  I 5 knots,  less  cracking  at  30  knots,  and  extensive 
cracking  and  spalling  at  60  knots.  Additional  studies  are  desirable  on  melallurgically  polished  sur- 
faces to  investigate  the  effects  of  velocity  and  applied  potential  on  surface  morphology  and  resultant 
corrosion  behavior 

Preferential  corrosion  was  observed  around  non-metallic  inclusions  at  all  of  the  velocities. 

Figure  13  shows  this  preferential  attack  at  the  interface  between  a non-metallic  inclusion  after  24 
hours  exposure  to  30  knot  sea  water.  Figure  14  shows  similar  preferential  corrosion  at  the  matrix- 
mteimetallic  inclusion  interlace  alter  24  hours  exposure  to  60  knot  sea  water  at  an  applied  potential 
of -1.0  V I 

It  appears  that  increasing  velocity  and  the  application  of  applied  potentials  changes  the  basic 
nature  of  the  film  on  5456-11 1 17  aluminum  alloy.  Pitting  appears  to  be  initiated  at  non-metallic 
inclusions  where  the  integrity  ol  the  film  is  not  as  great  as  in  areas  not  containing  non-metallic  inclus- 
ions. Focal  galvanic  action  reduces  the  chemical  stability  of  the  film  markedly.  The  pitting  that  was 
observed  at  an  applied  potential  of  I 0 occurred  at  a potential  more  active  than  the  pitting 

potential  and  the  protection  potential  and  is  not  predicted  on  the  basis  of  current  pitting  theory. 

Hie  pitting  observed  at  -1  0 V^^g/^g(^  l was  not  as  extensive  as  pitting  observed  at  the  same  velocities 
at  applied  potential  levels  more  noble  than  the  critical  pitting  potential  * ' * It  is  possible  that  non- 
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metallic  inclusions  may  not  he  requireil  to  initiate  pitting  at  potentials  more  noble  than  the  critical 
pitting  potential,  but  non-metallic  inclusions  may  be  reciuired  to  initiate  pitting  at  potentials  more 
active  than  the  protection  potential.  It  can  be  postulated  that  lilm  stability  is  a complex  luiiction 
ol  applied  potential,  sea  water  velocity,  boundary  layer  variables,  and  the  thermodynamic  chemical 
potential  of  the  film. 

SUMMARY  AM)  C ONCLUSIONS 

I ( athodic  polarization  studies  on  5456-11 1 17  aluminum  alloy  in  llowing  sea  water  indicate 
that  the  primary  cathodic  process  at  zero  velocity  is  oxygen  reduction  and  at  velocities 
above  10  knots  is  hydrogen  reduction. 

2.  Determination  of  the  limiting  oxygen  diffusion  current  density  as  a function  ol  velocity 
has  shown  that  the  limiting  oxygen  dilfusion  rate  increaseil  by  several  orders  ol  magnitude 
up  to  10  knots  and  is  independent  of  velocity  from  10  knots  to  60  knots. 

3.  Increasing  velocity  resulted  in  a more  uniform  oxide  lilm  wlien  going  trom  15  knots  to 
30  knots  to  60  knots  at  an  applied  potential  level  of  -1 .0  AgCl  I N^xi'c-s  were 
observed  after  24  hours  exposure  at  15  knots.  Lxposure  at  30  knots  showed  fewer 
fissuies  while  exposure  at  60  knots  showed  extensive  fissures  and  some  spalling  of  the 
film.  Pits  formed  at  all  of  the  velocities  could  be  associated  in  many  cases  with  non- 
metallic  inclusions. 

4 .A  mechanism  is  suggested  for  the  mlluence  ot  applied  potential  on  the  pitting  behavior 
ol  5456-11 1 I 7 aluminum  alloy  as  a function  of  applied  potenti.il.  At  applied  potentials 
more  noble  than  the  critical  pitting  potential,  pits  initiate  at  random.  At  potentials 
more  active  than  the  protection  potential,  pits  are  initiated  at  the  interface  between  the 
matrix  and  non-metallic  inclusions. 
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